Irrigation is facing increasing pressure from other competitive water users to reduce water consumption in a water scarce region. Based on the Basin-wide Holistic Integrated Water Assessment (BHIWA) model, the effects of water management strategies on water balance in the dry regions of North China were analyzed. The results show that, with the decrease of irrigation water supply reliability (IWSR) and the increase of irrigation water use efficiency (WUE), irrigation water use decreased significantly, leading to reduced agriculture water consumption, and sustained ground water levels. Compared with the increase of WUE, the decrease of IWSR contributes more to reducing irrigation water consumption and protecting groundwater. Sensitivity tests show that among various water cycle components, irrigation water use is most sensitive to changes, followed by agriculture water consumption, and then groundwater level. Reducing IWSR is an effective strategy to reduce irrigation water consumption and promote sustainable water resources management, which could be the support of basic data and theory for regional water resources planning.
Introduction
With the acceleration of urbanization, the problem of water shortage is becoming more and more serious around large urban centers [1] [2] [3] . To cope with the increasing pressure on water resources, China adopted a pro-active approach to building a "water-saving society" which focuses on water-saving in society and especially in agriculture, which is the biggest user of water. Improving water use efficiency (WUE) in agriculture helps reduce irrigation water losses through seepage, percolation, and runoff. However, in areas where water scarcity is due to structural shortage in the availability of water, demand management becomes necessary to constrain agricultural water consumption, and reallocate water to other competitive users, or even allow for provisions of environmental water requirements such as groundwater conservation by avoiding over-exploitation [4] [5] [6] [7] [8] .
Beijing is one of the most water-stressed large cities in the world, where the annual internally renewable water resource per capita is about 100 m 3 [9] [10] [11] . The lack of water has led to degradation of the natural ecosystem in the city, and the operation of the resources and the environment being overloaded, which has seriously restricted the sustainable development of Beijing [12, 13] . To cope with water scarcity, the total amount of water consumed by agriculture has been reduced with measures such as the adjustment of crop planting structure and the adoption of high-efficiency water-saving technologies in agriculture. Consequently, the proportion of agricultural water use to total water use decreased from 45% in 2001 to 22% in 2014, while the WUE increased from 0.55 in 2001 to about 0.70 at present [9, 14] . However, the groundwater table in Beijing continues to decline in recent years, which poses a serious threat to the environment. Therefore, further reduction in agricultural water use is needed. The question is how the further reduction could be achieved with minimal negative impacts on agriculture. There is a need to quantify the effects of different water saving irrigation practices on regional hydrological cycle components, from which more effective interventions could be identified and promoted.
Hydrological models are widely used to research water management issues, by increasing the systematic observable, eliminating the interference factors, and pining the actual relations among variables of the basin water cycles [15] [16] [17] . The Basin-wide Holistic Integrated Water Assessment (BHIWA) model developed by the International Committee of Irrigation Drainage (ICID) features concise calculation, clear concept, easily accessible data, and the ability to simulate the whole process of the water cycle. The model is especially suitable for the simulation of the influence on the regional water cycle process from the changes of agricultural irrigation strategies, and has been applied successfully in the researches on many basin hydrological cycles of India and China [18] [19] [20] [21] . The BHIWA model was selected as the regional water balance analysis tool in Beijing Daxing County, and the regional water resources consumption, the regional water withdrawals, and the water situation indicators were analyzed. Analysis showed that to assure the sustainable utilization of water resources, effective water resources management measures should have to be put into use such as high water use efficiency, good crop structure, water resources importation, and so on [22] .
The objective of this paper is to assess potential interventions in reducing irrigation water supply and uses, and identify strategies for effectively reducing agricultural water consumption in the highly water scarce Beijing Metropolitan. Section 2 of the paper gives a brief introduction to the study area, followed with an introduction to the BIHWA model and model evaluation indexes. Section 3 presents the outputs of the model simulations based on several water-saving and management scenarios; the one at a time (OAT) approach for sensitivity analysis is adopted to identify key practices leading to expected outcomes of maximum water consumption at the regional level. Finally, we concluded the paper with recommendations for alternate irrigation water management strategies to reduce agricultural water consumption in water scarce peri-urban agricultural systems.
Materials and Methods

Study Area
Beijing, located in the North China Plain, is one of the most rapid transforming mega-cities in the world. With a population of about 20 million, the city is under extreme pressure to manage its land and water resources. Agriculture in the metropolitan area has decreased from 3.439 × 10 5 hm −2 in year 1996 to 2.212 × 105 hm −2 in year 2013 [23, 24] . Daxing County is an administrative unit of the city with relatively large agricultural areas, between latitude of 39 • 26 and 39 • 50 N, and longitude of 116 • 13 and 116 • 43 E. The agricultural water use in Daxing was 0.22 billion cubic meters, about 27% of Beijing agricultural water use, in 2014 [9] . Daxing has a warm and continental monsoon climate. The mean annual temperature is 12 • C [25] . The mean annual evaporation is 1800 mm and the mean annual precipitation is 472 mm, about 400 mm of which falls in the summer months from June to September. There is a decreasing trend in annual precipitation starting from 1970s, while dry years were also observed in 1980-1994 and 1999-2005 [25] . There are four rivers in the Daxing County. The rivers are usually dry except the Liangshui River and the Xinfeng River, which carries passing-by sewage water. The local water supply is mainly from groundwater. With the increase of water use, the groundwater level in general has been decreasing since 1980s. The depth of groundwater was 3.1 m in 1980, but the depth of groundwater was 14.7 m in 2003 [25] . So, the over-exploitation of groundwater was serious for Daxing County. In a word, the proportion of agricultural water use is larger, and the situation of water shortage is serious. For sustainable utilization of water resources in Daxing County, effective management measures should be adopted in the future. In this paper, the whole Daxing County was selected as the study area.
The BHIWA Model Description
The BHIWA hydrological model is capable of simulating the hydrological effects of irrigation development and land-use changes [26] . The BHIWA model has several components including those on surface water balance, groundwater balance, their interactions, as well as the effects of irrigation water withdrawal on water storages and water consumption. The modeling parameters include landuse, soil hydraulic properties, water resources interactions, etc.
Irrigation Water Use
The source of irrigation is mainly groundwater in the Daxing County. The amount of extraction is estimated using below equation:
where WD GW IR is the groundwater withdrawal required for irrigation, ET I is the evapotranspiration from irrigation, DP is the deep percolation for paddy, and WUE GW is the water use efficiency of groundwater irrigation.
Agriculture Water Use Consumption
The agriculture water consumption for the irrigation systems is divided into precipitation evapotranspiration, irrigation evapotranspiration, and irrigation water logged evapotranspiration. The precipitation evapotranspiration is restricted to the precipitation quantity and the planting structure of underlying surface. The irrigation evapotranspiration is caused by irrigation. The calculation formula for agriculture water consumption is as follows:
where ET a is the evapotranspiration from agriculture, ET P is the evapotranspiration for precipitation, and ET Swamps is the evapotranspiration from irrigation water logged areas.
Groundwater Level
Based on water quantity balance of groundwater system, the groundwater level variation is caused by net groundwater exploitation. The calculation formula for groundwater level is as follows:
where H 0 is the average groundwater level in the current year, NGU is the net groundwater exploitation, µ is the regional synthetic specific yield of groundwater storage variation, and A is the study area.
Scenarios
Two types of interventions were considered for effectively reducing irrigation water use. The first one tries to examine the effects of reduced irrigation water supply reliability (IWSR) on total water use. The second one uses WUE to represent engineering and management efficiency measures such as canal lining, water saving irrigation, and irrigation scheduling. By changing the target thresholds of these two indicators, we simulated the responses of irrigation systems and assessed the changes in water balance components using the BHIMA model. The above interventions were simulated for a set of climate conditions being wet, normal, dry, and extremely dry years. The precipitation data of 1976-2005 were selected for frequency analysis in Daxing County. The P-III distribution curve was selected as the theoretic frequency curve, where the variation and deviation coefficient estimated were 0.31 and 1.09, respectively; the points of little or moderate precipitation were fitting well, and the annual precipitation data with different frequencies were obtained and are shown in Table 1 . Sensitivity analysis is used to investigate how variation in model outputs can be apportioned to variation in its inputs. The most common approach for sensitivity analysis is changing one model input at a time to see how this input parameter affects the model output (OAT) [27] [28] [29] [30] . The relative sensitivity was used for the evaluation of sensitivity of irrigation supply, agriculture water consumption, and regional groundwater level. Relative sensitivity was calculated based on the OAT approach in this study. The equation for relative sensitivity (RD) follows [31] :
where X i+1 and X i are the index values under I + 1 and i level respectively, Y i+1 and Y i are the response variables simulated with BHIWA model under I + 1 and i level of the index values respectively. The greater the relative sensitivity value, the stronger relation the parameters and outputs are associated. The value of index level selection is shown in Table 2 . Table 2 . The range and intevals of parameter value inputs for sensitivity analysis. 
Index
Evapotranspiration (ET) Data for the BHIWA Model
Research has pointed out limitations in validating hydrological models using river flow data. Validation of regional hydrological model are affected by the representativeness of the gauge stations and the uncertainty of the hydrologic processes [32] [33] [34] . In this paper, remote sensing based ET maps were used to validate the BHIWA model.
The ET maps were produced by Wu et al. (2012) , using the ETWatch model from 2004 to 2005 at a spatial and temporal resolution of 30 meters and 15 days, respectively.
The maps were validated with field measurements at the study area with accuracy of 90% in the agricultural area [35] . Details about the ETWatch model are reported by Wu et al. (2008 Wu et al. ( , 2010 [36, 37] 
Simulated Evaluation Indexes
The performance of the model was evaluated using the root mean square error (RMSE), the mean absolute error (MAE), and the mean bias error (MBE), all of which can be expressed in units of the ET and the Willmott index of agreement [38] [39] [40] .
The RMSE gives the weighted variations in errors (residual) between the modeled and remote sensing ET (RS ET) values and was calculated as follows:
where n is the number of the land use, M i is the modeled ET, and O i is the remote sensing evapotranspiration (RS ET). The mean absolute error (MAE) measures the weighted average magnitude of the absolute errors and was calculated as follows:
The MBE is an indicator of whether the model is under-predicting or over-predicting the RS ET value and also gives the uniformity of error distribution. Positive MBE values indicate over-prediction, negative values indicate under-prediction, and a value of zero indicates equal distribution between negative and positive values. The MBE was calculated as follows:
The Willmott index of agreement (d) is a descriptive measure and has values ranging from 0 to 1 [39] . The higher the index value the better the model performance. The d was calculated as follows:
where − O is the average value of RS ET for different land use; the other parameters have already been defined. Figure 1 shows the comparison of the calculated ET and RS ET for model calibration. In general, the calculated ET values follow closely the trend of the RS ET values for all the land use. On the other hand, Figure 1b shows the linear relationship between the RS ET and BHIWA modeled ET for all the land use. The RS ET and BHIWA modeled ET correlated well with an R 2 of 0.989 (p < 0.001). The BHIWA modeled ET was not significantly different from the RS ET values, with RMSE, MAE, and MBE values of 13.94, 9.93, and −2.96 mm, respectively. So, crop ET was simulated better. On the basis of this, the simulated precision was accepted. Based on the calibrated result, main parameters of the model were adopted as follows: (1) the soil moisture capacity was different for different land use such as arbor land (200 mm), winter wheat (100 mm), other agricultural areas (75 mm), residential areas (30 mm), and so on; (2) the reasonable outflow and groundwater recharge could be required based on the assumption of 40% residual water quantity towards surface runoff; (3) the exponential The results from model calibration and validation showed that the BHIWA could be used to simulate the crop ET values under different land use. Meanwhile, The BHIWA was used to simulate the groundwater storage variation with the Nash efficiency coefficient larger than 0.55 [37] . So, to simulate groundwater variation based on the BHIWA is credible. In this paper, effects of different irrigation water management strategies on water balance was studied based on vivificated BHIWA model, which should be conducive to irrigation water management for Beijing well region. 
Results and Discussion
Calibration and Verification of BHIWA Model
Effect of the Decrease of IWSR on Regional Irrigation Water Supply, Total Consumption, and Groundwater Level
Variation of Regional Irrigation Water Use and Agriculture Water Consumption
The effect of the decrease of IWSR on the regional water supply and consumption is shown in Figure 3 . With WUE set at 0.75, decreases in IWSR leads to significant decrease in irrigation water supply and total agricultural water consumption, and increased groundwater level. The variation of irrigation water supply, agriculture water consumption, and groundwater level with the increase of IWSR by 0.1 is shown in Table 3 . Under different hydrological years, with the decrease of IWSR, water cycle components' variation is different. With the decrease of IWSR, the water cycle components in dry years were affected much more than that in wet years. The results from model calibration and validation showed that the BHIWA could be used to simulate the crop ET values under different land use. Meanwhile, The BHIWA was used to simulate the groundwater storage variation with the Nash efficiency coefficient larger than 0.55 [37] . So, to simulate groundwater variation based on the BHIWA is credible. In this paper, effects of different irrigation water management strategies on water balance was studied based on vivificated BHIWA model, which should be conducive to irrigation water management for Beijing well region. The effect of the decrease of IWSR on the regional water supply and consumption is shown in Figure 3 . With WUE set at 0.75, decreases in IWSR leads to significant decrease in irrigation water supply and total agricultural water consumption, and increased groundwater level. The variation
of irrigation water supply, agriculture water consumption, and groundwater level with the increase of IWSR by 0.1 is shown in Table 3 . Under different hydrological years, with the decrease of IWSR, water cycle components' variation is different. With the decrease of IWSR, the water cycle components in dry years were affected much more than that in wet years. Compared with the wet year, with the decrease of IWSR by 0.1 in dry years, irrigation water use decreased by about 0.186 × 10 8 m 3 , agriculture water consumption decreased by about 0.145 × 10 8 m 3 , and the regional groundwater level raised to about 0.141 m. Crop water requirements are mainly from irrigation in dry years, which will result much more water withdrawal. Therefore, based on crop water production functions, the IWSR could be decreased properly by deficit irrigation in dry years. As a result, agriculture water consumption reduced greatly, and the groundwater was protected. Meanwhile, the crop yield was not seriously affected. In a word, there is a realistic significance for water resources shortage to promote a virtuous circle of the water cycle by deficit irrigation. In Daxing County, irrigation water use is mainly from groundwater withdrawal. If the IWSR increased in dry years, total water consumption and irrigation water use would increase. On the other hand, the recharge of precipitation to groundwater was reduced in dry years. Combination of above-mentioned factors will aggravate the situation of water resources shortage. groundwater level raised to about 0.141 m. Crop water requirements are mainly from irrigation in dry years, which will result much more water withdrawal. Therefore, based on crop water production functions, the IWSR could be decreased properly by deficit irrigation in dry years. As a result, agriculture water consumption reduced greatly, and the groundwater was protected. Meanwhile, the crop yield was not seriously affected. In a word, there is a realistic significance for water resources shortage to promote a virtuous circle of the water cycle by deficit irrigation. In Daxing County, irrigation water use is mainly from groundwater withdrawal. If the IWSR increased in dry years, total water consumption and irrigation water use would increase. On the other hand, the recharge of precipitation to groundwater was reduced in dry years. Combination of abovementioned factors will aggravate the situation of water resources shortage. 
Sensitivity Analysis
The RD of the regional water supply and consumption to the variation of IWSR is shown in Figure 4 . With the decrease of IWSR, except for the sensitivity with little change of agriculture water use, the relative sensitivity of agriculture water consumption and regional groundwater level decreases. Comparing the sensitivity of agriculture water use, agriculture water consumption, and regional groundwater level to the variation of IWSR in average years, the largest was irrigation water use at about 1.00, followed by agriculture water consumption at about 0.42 at the range of 0.9-1.0, and then regional groundwater level about 0.20 at the range of 0.9-1.0. Except for little effect of the sensitivity of irrigation water use by different hydrological years, the sensitivity of agriculture water consumption and regional groundwater level to the variation of IWSR was rather high in dry years. 
Effect of the Increase of WUE on Regional Irrigation Water Supply, Agriculture Water Consumption, and Groundwater Level
Variation of Regional Irrigation Water Use and Agriculture Water Consumption
The effect of the WUE increase on the regional water use and consumption is shown in Figure  5 . Under IWSR of 0.8, with the increase of WUE, the decrease of irrigation water use was significant, but the decrease of agriculture water consumption and the rise of groundwater level are not obvious. For a WUE change from 0.60 to 0.95, the variation of irrigation water use, agriculture water consumption, and groundwater level with the decrease of WUE by 0.1 is shown in Table 4 . Under different hydrological years, with the increase of WUE, the water cycle components' variation was different. With the increase of WUE, the water cycle components in dry years were affected much more than in wet years. Compared with the wet years, with the increase of WUE by 0.1 in dry years, irrigation water use decreased by about 0.132 × 10 8 m 3 , agriculture water consumption decreased by about 0.014 × 10 8 m 3 , and the regional groundwater level raised by about 0.013 m. With the increase of WUE, the seepage losses of irrigation water use in the canal reduced, and the withdrawal of irrigation water use decreased. Compared with the seepage losses of irrigation water use in the canal, the ineffective evaporation in the canal could be neglected, which shows that with unchanged IWSR, the decrease of agriculture water consumption was not obvious with the increase of WUE. On the other hand, the groundwater in Daxing County is recharged mainly from precipitation and seepage losses from irrigation water use. With the increase of WUE, the withdrawal of irrigation water was reduced, and the groundwater recharge from seepage of irrigation water use decreased correspondingly. So, the groundwater did not obviously decrease with the increase of WUE. The effect of the WUE increase on the regional water use and consumption is shown in Figure 5 . Under IWSR of 0.8, with the increase of WUE, the decrease of irrigation water use was significant, but the decrease of agriculture water consumption and the rise of groundwater level are not obvious. For a WUE change from 0.60 to 0.95, the variation of irrigation water use, agriculture water consumption, and groundwater level with the decrease of WUE by 0.1 is shown in Table 4 . Under different hydrological years, with the increase of WUE, the water cycle components' variation was different. With the increase of WUE, the water cycle components in dry years were affected much more than in wet years. Compared with the wet years, with the increase of WUE by 0.1 in dry years, irrigation water use decreased by about 0.132 × 10 8 m 3 , agriculture water consumption decreased by about 0.014 × 10 8 m 3 , and the regional groundwater level raised by about 0.013 m. With the increase of WUE, the seepage losses of irrigation water use in the canal reduced, and the withdrawal of irrigation water use decreased. Compared with the seepage losses of irrigation water use in the canal, the ineffective evaporation in the canal could be neglected, which shows that with unchanged IWSR, the decrease of agriculture water consumption was not obvious with the increase of WUE. On the other hand, the groundwater in Daxing County is recharged mainly from precipitation and seepage losses from irrigation water use. With the increase of WUE, the withdrawal of irrigation water was reduced, and the groundwater recharge from seepage of irrigation water use decreased correspondingly. So, the groundwater did not obviously decrease with the increase of WUE. the ineffective evaporation in the canal could be neglected, which shows that with unchanged IWSR, the decrease of agriculture water consumption was not obvious with the increase of WUE. On the other hand, the groundwater in Daxing County is recharged mainly from precipitation and seepage losses from irrigation water use. With the increase of WUE, the withdrawal of irrigation water was reduced, and the groundwater recharge from seepage of irrigation water use decreased correspondingly. So, the groundwater did not obviously decrease with the increase of WUE. 
Sensitivity Analysis
The sensitivity of the regional water use and consumption to the variation of WUE is shown in Figure 6 . With the increase of WUE, except for the sensitivity with slight increase of agriculture water use, the sensitivity of agriculture water consumption and regional groundwater level decreases. Compared with the sensitivity of agriculture water use, agriculture water consumption, and regional groundwater level to the variation of WUE in average years, the largest was irrigation water use at about 0.90 at the range of 0.60-0.90, followed by agriculture water consumption at about 0.05 at the range of 0.60-0.65, and then regional groundwater level at about 0.02 at the range of 0.60-0.65. The sensitivity of irrigation water use to the variation of WUE among different hydrological years was not obvious. Compared with the wet years, the sensitivity of agriculture water consumption and regional groundwater level to the variation of WUE was a little higher than in dry years. 
The sensitivity of the regional water use and consumption to the variation of WUE is shown in Figure 6 . With the increase of WUE, except for the sensitivity with slight increase of agriculture water use, the sensitivity of agriculture water consumption and regional groundwater level decreases. Compared with the sensitivity of agriculture water use, agriculture water consumption, and regional groundwater level to the variation of WUE in average years, the largest was irrigation water use at about 0.90 at the range of 0.60-0.90, followed by agriculture water consumption at about 0.05 at the range of 0.60-0.65, and then regional groundwater level at about 0.02 at the range of 0.60-0.65. The sensitivity of irrigation water use to the variation of WUE among different hydrological years was not obvious. Compared with the wet years, the sensitivity of agriculture water consumption and regional groundwater level to the variation of WUE was a little higher than in dry years. significantly, especially with the decrease of IWSR by 0.1. With the increase of WUE by 0.1, the decrease of agriculture water consumption and the rise of regional groundwater level were affected much less than they were with the decrease of IWSR by 0.1. The variation of agriculture water consumption has a close relationship with the regime of groundwater level. With the increase of IWSR or the decrease of WUE, for an increase by 0.01 × 10 8 m 3 of agriculture water consumption, the regional groundwater level decreased 9.70 mm and 10.40 mm, respectively. So, there is no difference between them. Compared with the decrease of IWSR, with the increase of WUE, a decrease of irrigation water use has no obvious effect on the decrease of agriculture water consumption and the rise of regional groundwater level. With the increase of IWSR, for an increase by 0.01 × 10 8 m 3 of agriculture water use, agriculture water consumption increased 0.0091 × 10 8 m 3 , and the groundwater level decreased 8.8 mm, which were, respectively, 9.1 and 7.6 times higher than that with the decrease of WUE under the same quantity of irrigation water withdrawal. , and the groundwater level decreased 8.8 mm, which were, respectively, 9.1 and 7.6 times higher than that with the decrease of WUE under the same quantity of irrigation water withdrawal. Therefore, how to allocate the regional water resources should be based on the variation of regional water consumption, namely the regional water consumption is the end of water resources allocation. The regional water consumption carrying capacity was not analyzed concretely for the previous water resources allocation based on water supply management, although the WUE increased by construction in agriculture production, the irrigation area increased by utilization of water-saving quantity, and the grain yield was guaranteed in short time. But due to the absence of supervision for regional water consumption, the regional water consumption was increased rapidly with the blind expansion of water-saving irrigation areas, which resulted in the continual lowering of groundwater level. Finally, the ecological balance was destroyed, which led to further deterioration of the eco-environment. On the other hand, the water-saving irrigation area was expanding constantly, while the eco-environment did not improve. In fact, once the regional total water consumption greatly exceeds the objective ET that is presently suitable for the demand between regional water balance and economic sustainability, the regional eco-environment will deteriorate. So, in order to realize the increase of agricultural production and farmers' income, the ecological balance must be maintained. Especially in regions with water resources shortage, the total water consumption cannot exceed the objective ET quota. Only in this way will the sustainable development of agriculture be guaranteed.
Difference of Sensitivity
The maximum sensitivity of the regional water use and consumption to different water management strategies in average years is shown in Table 5 . Based on sensitivity analysis, with the decrease of IWSR, the water cycle components were affected much more than they were with the increase of WUE. With the decrease of IWSR or the increase of WUE, irrigation water use and agriculture water consumption were both reduced, the regional groundwater level increased, and the sensitivity of agriculture water consumption and regional groundwater level decreased, but the sensitivity of irrigation water use remained at a high level. Therefore, how to allocate the regional water resources should be based on the variation of regional water consumption, namely the regional water consumption is the end of water resources allocation. The regional water consumption carrying capacity was not analyzed concretely for the previous water resources allocation based on water supply management, although the WUE increased by construction in agriculture production, the irrigation area increased by utilization of water-saving quantity, and the grain yield was guaranteed in short time. But due to the absence of supervision for regional water consumption, the regional water consumption was increased rapidly with the blind expansion of water-saving irrigation areas, which resulted in the continual lowering of groundwater level. Finally, the ecological balance was destroyed, which led to further deterioration of the eco-environment. On the other hand, the water-saving irrigation area was expanding constantly, while the eco-environment did not improve. In fact, once the regional total water consumption greatly exceeds the objective ET that is presently suitable for the demand between regional water balance and economic sustainability, the regional eco-environment will deteriorate. So, in order to realize the increase of agricultural production and farmers' income, the ecological balance must be maintained. Especially in regions with water resources shortage, the total water consumption cannot exceed the objective ET quota. Only in this way will the sustainable development of agriculture be guaranteed.
The maximum sensitivity of the regional water use and consumption to different water management strategies in average years is shown in Table 5 . Based on sensitivity analysis, with the decrease of IWSR, the water cycle components were affected much more than they were with the increase of WUE. With the decrease of IWSR or the increase of WUE, irrigation water use and agriculture water consumption were both reduced, the regional groundwater level increased, and the sensitivity of agriculture water consumption and regional groundwater level decreased, but the sensitivity of irrigation water use remained at a high level. 
Conclusions
With the decrease of IWSR, the irrigation water use decreased, the water consumption decreased, and the groundwater level increased, especially in dry years. The largest was the sensitivity of irrigation water use in response to the variation of IWSR, followed by agriculture water consumption, and then regional groundwater level. Except for a small effect on the sensitivity of irrigation water use by different hydrological years, the sensitivity of agriculture water consumption and regional groundwater level response to the variation of IWSR was rather high in dry years.
With the increase of WUE, the decrease of irrigation water use was significant, but the decrease of agriculture water consumption and the rise of the groundwater level were not obvious. The sensitivity analysis showed that the variations of water cycle components' sensitivity to the increase of WUE and the decrease of IWSR are similar. Namely, the largest was the sensitivity of irrigation water use to the variation of WUE, followed by agriculture water consumption, and then regional groundwater level. On the other hand, the sensitivity of the water cycle components to the variation of WUE was a little high in dry years.
For different hydrological years, with the decrease of IWSR and the increase of WUE, irrigation water use decreased significantly, especially with the decrease of IWSR. With the increase of WUE, the decrease of agriculture water consumption and the rise of the regional groundwater level were affected much less than they were with the decrease of IWSR. The sensitivity analysis showed that with the decrease of IWSR, the water cycle components were affected much more than they were with the increase of WUE.
When the IWSR decreased through deficit irrigation, the irrigation water use and agriculture water consumption would be reduced significantly, which has more important practical significance to the sustainable utilization of regional water resources.
